Background and Objectives: Pain scores are routinely reported in clinical practice, and we wanted to examine whether this routinely measured, patient-reported variable provides prognostic information, especially with regard to chronic opioid use, after taking preoperative and perioperative variables into account in a preoperative opioid user population.
Methods: In 32,874 preoperative opioid users undergoing primary total knee arthroplasty at Veterans Affairs hospitals between 2010 and 2015, we compared preoperative and perioperative characteristics in patients reporting lower versus higher acute pain (scores ≤4/10 vs >4/10 averaged over days [1] [2] [3] . We calculated the propensity for lower acute pain based on all available data. After 1:1 propensity score matching, to identify similar patients differing only in acute pain, we contrasted rates of chronic significant opioid use (mean >30 mg/d in morphine equivalents) beyond postoperative month 3, discharge prescriptions, and changes in postoperative versus preoperative dose categories. Sensitivity analysis examined associations with dose escalation.
Results: Rates of chronic significant opioid use (21% overall) differed in patients with lower versus higher acute pain (36% vs 64% of the overall cohort). After propensity matching (total n = 20,926 patients) and adjusting for all significant factors, lower acute pain was associated with less chronic significant opioid use (rates 12% vs 16%), smaller discharge prescriptions (ie, supply <30 days and daily oral morphine equivalent <30 mg/d), and more reduction in dose, all P < 0.001. In sensitivity analysis, dose escalation was 15% less likely with lower acute pain (odds ratio, 0.85; 95% confidence interval, 0.80-0.91).
Conclusions: Acute pain predicts chronic opioid use. Prospective studies of efforts to reduce acute pain, in terms of long-term effects, are needed.
(Reg Anesth Pain Med 2018;43: 705-711) P ain scores measured on the 0-to 10-point numeric rating scale, despite limitations, are routinely documented as a vital sign in electronic medical records within and outside the Veterans Health Administration. 1 Acute postoperative pain scores guide analgesia in the hospital and are also used as outcome measures in randomized trials around operations such as total knee arthroplasty (TKA). 2, 3 Because of prior studies looking at the association between high pain score reports or inadequately treated pain in the acute setting and its long-term negative consequences, there is a need for studies that directly examine this phenomenon using granular data from electronic medical records in a large at-risk population, particularly one already taking opioids prior to surgery. [4] [5] [6] We hypothesize that acute pain scores, measured routinely on the 11-point numeric rating scale, have prognostic value independent of other preoperative and perioperative characteristics, leading us to the question of whether acute postoperative pain is a relevant target in actions to "turn the tide" against growing chronic postoperative opioid use. 7, 8 Millions of Americans undergo surgery annually, but perioperative and postoperative opioid prescribing is not addressed in the 2016 Centers for Disease Control and Prevention guidelines. 9, 10 Rates of chronic postoperative use are several folds higher in preoperative opioid users, especially veterans, when compared with the preoperatively opioid-naive and nonveteran populations. [11] [12] [13] [14] Public health implications are serious after TKA because preoperative use is common in this population, and the use of this procedure is growing rapidly. 9,12-14 Therefore, we undertook this study to examine the association between acute postoperative pain and chronic opioid use in a large cohort of preoperatively opioidusing veterans undergoing TKA, contrasting significant opioid prescriptions beyond 3 months after discharge in patients with lower versus higher acute pain scores. Because it is ethically irresponsible to randomize patients to lower versus higher acute pain in a clinical trial, this observational study, controlling for significant sources of bias, provides valuable evidence to inform ongoing efforts to counter chronic postoperative opioid overuse.
METHODS
Approval was granted by the institutional review board at the Durham VA Healthcare System, which waived informed consent requirements because of the minimal risk of revealing personal health information in this retrospective study with results presented in aggregate.
records, the Corporate Data Warehouse (CDW). 15 To focus on patients at greatest risk of chronic postoperative use, we excluded preoperatively opioid-naive patients and those who died before discharge. [12] [13] [14] Thus, our study cohort consisted only of preoperative opioid users, which was the majority of patients (~73% of total), undergoing primary TKA at VA hospitals between January 1, 2010, and December 31, 2015. Baseline demographics, patient and facility characteristics, diagnoses, other treatments or procedures, medication use (including details of opioid prescriptions), pain scores before and after surgery, and several other factors were identified for each patient and used as follows. 16 
Definitions of Exposure, Outcome, and Covariates
All variables are organized temporally with relation to the time of surgery and are described in association with preoperative, in-hospital, at time of discharge, and out-of-hospital postoperative time frames. Acute pain scores were extracted from the "Vital Signs" domain in the CDW, where they are recorded on the 11point numeric rating scale (as a value between 0 and 10). We examined the proportions of patients with mild (0-4/10), moderate (5-7/10), or severe (8-10/10) postoperative pain on each hospital day between days 0 and 7 ( Fig. 1 ). because acute pain scores stabilized by day 3, we computed the average value of all available scores over hospital days 1 to 3. Patients with mean values of 4/10 or less versus greater than 4/10 were defined, respectively, as "exposed" to lower versus higher acute pain. In addition, we also extracted data on preoperative pain. A mean preoperative score was computed for each patient as the average of all scores recorded in outpatient settings over 90 days prior to admission. Because the location and nature of pain are not discernable from these scores, and back pain is the most common location associated with increased risk, 11 we classified each patient as having back pain (vs not) based on ICD-9 diagnosis codes and treatments (epidural steroid injections in the neck or back) or imaging codes (magnetic resonance imaging scans of the spine) over the 2-year period before admission (Appendix 1, Supplemental Digital Content 1, http://links.lww.com/AAP/A258).
Outcomes
Chronic significant opioid use was defined based on data extracted from the VA Pharmacy Benefits Management program that oversees the national drug plan for eligible veterans, including outpatient pharmacies. 17 In line with prior studies, we first excluded prescriptions in the first 3 months after discharge, 7, 11, 12 defining chronic use based only on prescriptions filled beyond postoperative month 3. Rather than "present" or "absent," chronic significant use was then defined by the mean daily dose in oral morphine equivalents (OMEs in milligrams per day measured using published dose conversion formulae; Appendix 2, Supplemental Digital Content 2, http://links.lww.com/AAP/A259), calculated by smoothing the total amount dispensed over the 1-year period between postoperative months 4 and 15 (total opioid amount = combination of strength and number of pills in all outpatient prescriptions). Informed by a recent study showing that doses of greater than 30 mg/d were associated with increased risk of overdose death among veterans, 18 we categorized patients into groups of less than 5, 6 to 15, 16 to 30, and greater than 30 mg/d. Thus, the primary outcome was the proportion of patients with a mean chronic postoperative dose of greater than 30 mg/d (compared in groups with lower vs higher acute pain scores). Because risk of chronic use may be mediated by discharge prescriptions, [19] [20] [21] which may in turn be related to acute postoperative pain scores, we identified the average daily amount (<30 or >30 mg/d) and days' supply (<30 or >30 days' supply) in the prescription filled around discharge. As noted previously, these were excluded from calculations of chronic dose. Change in dose category, computed based on differences between mean postoperative versus mean preoperative categories, were also identified as additional outcomes. Thus, we examined all outpatient prescriptions for each patient from 12 months before admission to 12 months beyond postoperative month 3, a 27-month period.
Similar to postoperative calculations, we also computed a mean preoperative dose for each patient by smoothing the total opioid amount from all prescriptions over the 1-year period before admission. We grouped patients into the same dose categories as postoperatively and examined changes as noted previously, classifying each patient as having a changed dose (escalated or decreased) or not. We classified patients as early versus late initiators based on when the first prescription was filled in the preoperative period. Late initiators were defined as those filling prescriptions in only the last 3 months prior to admission (opioid naive before then), whereas early initiators filled prescriptions before this. We also grouped patients based on whether tramadol was dispensed, because risks of this synthetic μ-receptor agonist may be distinct from other opioids. 22 Unlike outpatient use, opioid amounts in the inpatient setting were not readily extractable. Bar-Code Medication Administration records were available, representing administration by a nurse in most inpatient locations, but documentation was variable (making data extraction impractical). Intraoperative and immediate postoperative amounts were not readily extractable either. We did identify each patient as having received a patient-controlled analgesia (PCA) pump in the VA hospital versus not.
Covariates
For each patient, we extracted data on characteristics shown to be associated chronic opioid use from various CDW domains, 7, 11, 14 including age, sex, race, body mass index, and preoperative diagnoses (categories using a modified Charlson Comorbidity Index based on ICD-9 codes; Appendix 1, Supplemental Digital Content 1, http://links.lww.com/AAP/A258). Psychiatric illnesses including posttraumatic stress disorder were identified separately. 12 Substance use disorder, smoking, and alcohol use were also identified separately. [11] [12] [13] [14] In addition to back pain and mean preoperative pain, we extracted data on outpatient visits to a pain clinic in the year before admission. For perioperative treatments, we identified the type of anesthesia (as general vs not) and noted whether nerve blocks were used. 15 Perhaps because of the lack of financial incentive to code for nerve blocks within the VA system, these CPT codes were not well captured. To circumvent this lack of accurate CPT coding for nerve blocks, we also extracted data from inpatient pharmacy and order set domains (showing that local anesthetic infusions had been ordered and dispensed during hospitalization). This captures continuous infusion but does not identify single injections (local anesthesia for single-shot nerve blocks is not ordered by clinicians and "dispensed" by pharmacy). Finally, to account for potential effects of other facility-level and surgeon-level characteristics, we identified the geographic location and the annual TKA volume tercile. 23 
Descriptive, Multivariable, and Sensitivity Analyses
We examined preoperative and perioperative attributes in the overall cohort ( Fig. 2 ). "Raw" postoperative outcomes, prior to adjusting for differences in preoperative and perioperative attributes, were also examined (Appendix 3, Supplemental Digital Content 3, http://links.lww.com/AAP/A260). Then we compared these in the "exposure" groups: patients with lower versus higher acute pain, using standard statistical tests (analysis of variance, t tests, and χ 2 tests with 2-tailed P values, threshold for significance set at <0.05; Table 1 ). We used multivariable logistic regression analysis to examine the propensity for (odds of ) lower acute pain based on available preoperative and perioperative characteristics (Appendix 4, Supplemental Digital Content 4, http://links.lww.com/AAP/A261). Model parameters were examined with goodness of fit and area under receiver operating characteristic curve statistics (Appendix 5, Supplemental Digital Content 5, http://links.lww.com/AAP/A262) and then applied to the entire cohort to calculate propensity scores for each patient. Thus, for each patient, we computed the probability of lower acute pain given their specific preoperative and perioperative characteristics. Then we used these propensity scores to adjust for baseline differences. 24 Using a 1:1 pairwise matching algorithm (greedy match without replacement approach), we selected patients with similar propensity scores but differing acute pain. This identified patients with comparable probabilities of acute pain (ie, similar preoperative and perioperative characteristics, but with lower vs higher acute pain scores). We reexamined preoperative and perioperative attributes in the propensity score-matched cohort to confirm that all significant baseline differences had been eliminated by the matching algorithm, allowing the comparison of outcomes to be reflective of differences in acute pain scores (Fig. 2) . 24 We compared chronic significant postoperative opioid use, the opioid prescription at discharge, change in dose category, and length of stay during index hospitalization. In sensitivity analysis (Appendix 6, Supplemental Digital Content 6, http://links.lww.com/AAP/A263), we examined-using a separate multivariable logistic regression analysis-factors associated with an increase in postoperative dose category. In other words, after grouping each patient based on whether the postoperative dose category was higher than the preoperative dose category (escalation of dose) versus not (no change or decrease in dose), we asked what factors are FIGURE 2. Study design with initial comparison between the 2 exposure groups followed by outcomes examined in propensity score-matched patients. 
RESULTS
Our study cohort of 32,874 veterans (Fig. 2) had 11,747 patients (36%) with lower acute pain scores (≤4/10) and 21,127 patients (64%) with higher acute pain scores (>4/10). Chronic significant postoperative opioid use (mean dose, >30 mg/d) was present in 21% of the overall cohort (n = 6856). Opioid prescriptions at discharge exceeded 30 days in more than half of all patients and exceeded 30 mg/d in approximately 3 of 5 patients. Overall, comparing postoperative versus preoperative categories, a majority of patients (54%) had no significant change, a modest percentage (28% [n = 9170]) decreased dose, whereas a smaller percentage (18% [n = 6034]) escalated dose. Comparing baseline characteristics in the 2 exposure groups (Appendix 7, Supplemental Digital Content 7, http://links.lww.com/AAP/A264), the following differences were notable. Patients with lower acute pain were older, had surgery performed in earlier years (2010-2011 vs 2014-2015), had significantly lower preoperative pain, had less preoperative opioids (both dose and duration of use) and more tramadol use, were less likely to visit pain clinics, and had significantly lower rates of back pain, substance abuse, tobacco or alcohol abuse, and lower rates of psychiatric illness. Percentage of patients with chronic significant postoperative opioid use was 11% versus 26%, respectively, with lower versus higher acute pain. Opioid prescriptions at discharge exceeded 30 days and 30 mg/d in well under half of the patients with lower pain scores (Appendix 3, Supplemental Digital Content 3, http://links.lww.com/AAP/A260).
In the propensity score model (Appendix 4, Supplemental Digital Content 4, http://links.lww.com/AAP/A261), multivariable logistic regression showed that lower acute pain was more likely with later preoperative initiation of opioids, use of tramadol, Southeast or Central US regions (vs the Pacific), Hispanic race, age older than 60 years, obesity, TKA in facilities in the lower (vs intermediate) volume tercile or by surgeons in the lower or higher (vs intermediate) volume tercile, receipt of PCA, and nerve blocks. Conversely, lower acute pain was less likely with higher preoperative opioid doses (>15 mg/d over the year before admission), greater preoperative pain, TKA in later years (2012-2013 or 2014-2015 vs 2010-2011) or in the Midwest (vs the Pacific), black race, chronic pulmonary disease, tobacco or substance abuse, psychiatric illnesses, back pain, or receipt of general anesthesia. Model parameters were good (area under receiver operating characteristic curve~71% and satisfactory goodness of fit, Appendix 5, Supplemental Digital Content 5, http://links.lww. com/AAP/A262), so we used the model to compute propensity scores for each patient. Matching patients with a 1:1 greedy match algorithm, we identified 10,463 pairs of patients for inclusion in the propensity-matched group (Fig. 2) . Reexamining baseline differences in this propensity-matched cohort (Table 1) , in nearly two-thirds of the study cohort (20,926 of 32,874 patients), we saw that all clinically significant differences were removed. In other words, propensity matching effectively allowed the comparison of postoperative outcomes to be reflective of differences in acute pain scores (Fig. 2) .
In the large propensity-matched cohort (Fig. 2 and Table 2 ), we found that the percentage of patients with chronic significant postoperative opioid use (mean dose, >30 mg/d), 18 was 12% in those with lower acute pain scores versus 16% in those with higher scores, P < 0.001. Discharge prescriptions at more than 30 days and greater than 30 mg/d were filled by 50% and 58% of patients with higher pain scores (vs 42% and 47%, respectively, by patients with lower pain scores, P < 0.001). In terms of change in dose categories, mean postoperative opioid use increased in 17% of patients with lower acute pain versus in 21% of patients with higher acute pain, P < 0.001. Conversely, a larger percentage of patients with lower acute pain scores, 29%, decreased postoperative (vs preoperative) dose when compared with patients with higher acute pain (26%), P < 0.001. Taken together, the overall difference in change in chronic opioid use in absolute terms was 7% (4% difference in dose escalation plus a 3% difference in dose decrease). In terms of the numbers needed to treat, this meant that for every 15 patients reporting lower versus higher acute pain there was 1 more patient with a desirable change in chronic postoperative opioid use. Lengths of stay were longer than 3 days in 51% of patients with higher scores and 47% of patients with lower scores, P < 0.001. Sensitivity analysis (Appendix 6, Supplemental Digital Content 6, http://links.lww.com/ AAP/A263) showed that acute pain scores reduced the odds of an increase in postoperative dose category by 15% (odds ratio, 0.85; 95% confidence interval [CI] 0.80-0.91), independent of all other factors including discharge prescriptions. A larger daily dose (>30 mg/d) in the discharge prescription was more important (odds ratio, 1.68; 95% CI, 1.55-1.81) than supply for more days (>30 days; odds ratio, 1.25; 95% CI, 1.16-1.35).
DISCUSSION
We examined the association between acute postoperative pain and chronic opioid use in a large population at significant risk, preoperatively opioid-using veterans undergoing TKA. Prior studies have looked at opioid-naive and nonnaive patient populations undergoing surgery and its direct correlation with chronic postoperative opioid use and found much higher incidences of OMEs indicates oral morphine equivalents in milligrams/day. persistent opioid use in those patients taking opioids prior to surgery. 11, 14 Given these prior findings, we focused on preoperative opioid users because the study outcome of chronic postoperative opioid use is more common in this population. Hence, the effects of variations in acute pain can be better examined. Comparing rates of chronic use beyond 3 months after discharge, at mean doses exceeding 30 mg/d (risk of overdose death in veterans), 18 in patients with lower versus higher acute postoperative pain scores, we found that patients with lower acute pain had significantly less chronic opioid use when compared with similar patients who had higher acute pain scores. Furthermore, postoperative dose categories were more likely to have decreased and less likely to have increased (vs preoperative categories) in patients with lower acute pain scores.
The discharge prescription was also significantly smaller with lower acute pain scores, but the association between acute pain and chronic opioid use was independent of the duration and dose of the discharge prescription. Particularly important is our finding that patients with lower acute pain scores (≤4/10) had a rate of 23% versus 28% in patients with higher acute pain scores (>4/10), for the receipt of a chronic postoperative opioid dose of greater than 15 mg/d in OMEs beyond 3 months after discharge. Amounts less than this are associated with a low risk of adverse events. 18 This 5% difference in absolute terms translates to a number needed to treat of 20 patients. In other words, for every 20 patients who has an acute pain score of greater than 4 (rather than ≤4) on the 11-point scale, 1 more patient will go on chronic opioid use at a dose of greater than 15 mg/d. Given the volume of TKAs, the population-level implications of this difference are significant.
These findings are consistent with previous reports [11] [12] [13] [14] 25 and to the best of our knowledge are the first to specifically identify intensity of acute pain as a potentially modifiable risk factor in ongoing efforts to reduce chronic opioid use. 7 This is notable for several reasons. We studied patients undergoing TKA: the leading elective inpatient operative procedure. 9, 13, 14 We examined a hypothesis that cannot be directly tested in randomized trials, using rigorous propensity score-based methods to minimize baseline differences before comparing chronic opioid use in large groups of patients with differing acute pain scores. Thus, observed associations are less likely to be an epiphenomenon. Lastly, the favorable exposure-lower acute postoperative pain scores (on average ≤4/10)-is not common. Lower scores were present in only 36% of all patients and declined recently (ie, a smaller proportion reported lower acute pain scores in 2014-2015 vs 2010-2011).
But how can lower acute pain (over 3 days in the hospital) have an effect on chronic opioid use? First, discharge prescriptions are a key pathway. We found that more patients with higher acute pain scores had longer and larger discharge prescriptions ( Table 2 ). It is intuitive that surgeons might be guided by proximal pain scores and opioid use. 26, 27 However, the link between postoperative prescriptions and chronic use has been recognized only recently. [19] [20] [21] 26 Thus, there may be an opportunity to reduce variations in the dose and duration of discharge prescriptions after surgery-by lowering acute pain. 27 Second, the association between acute pain and chronic pain may explain increased chronic opioid use. 28 Complex mechanistic pathways, operating in both the peripheral and central nervous systems, have been described in the transition from acute to chronic pain. 28 We also found that association (between acute pain and chronic opioid use) to be independent of discharge prescriptions (Appendix 6, Supplemental Digital Content 6, http://links.lww.com/AAP/A263). Hence, lowering acute pain scores may reduce long-term opioid use independent of discharge prescriptions. 28 Third, scores reported in the hospital after surgery may represent pain at operative and nonoperative sites. 29 Over a third of the propensity-matched patients received continuous nerve blocks (Table 1) , but this may not address pain outside the specific areas "blocked" by local anesthetics. Back pain was prevalent in 25% of our cohort (based on ICD diagnosis codes or preoperative treatment or imaging codes) and, when managed with opioids, may predispose to long-term use with increased rates of addiction and loss of efficacy secondary to the emergence of opioid tolerance and opioid-induced hyperalgesia. 29 The presence of chronic pain at another site may reconcile apparent differences between our findings and reports showing that nerve blocks did not lower chronic opioid use. 30 Our study has several strengths in addition to those described previously. We also found that late initiation of opioids before surgery (in the last 3 preoperative months rather than earlier), lower preoperative opioid doses (<15 mg/d), and use of tramadol increased the likelihood of lower acute pain scores (Appendix 4, Supplemental Digital Content 4, http://links.lww.com/AAP/ A261). Nerve blocks had modest benefit on long-term opioidsparing effects, but consistent with known effects of local anesthetic infusions (vs single injections), 30 we observed an increase in acute pain from day 0 to day 1 (Fig. 1 ), suggesting that nerve blocks when used were likely to be for short durations in our study. Our study also has several limitations. As with a majority of studies pertaining to the veteran population, this study cohort is dominated by a male majority (>90%), so generalizability to a more equal sex-distributed population is limited. Pain scores, as a single number between 0 and 10, do not reflect the biopsychosocial complexity of pain. Unmeasured confounding cannot be ruled out, and an independent factor, such as less pain catastrophizing, may lower both acute pain and chronic opioid use, creating the appearance of an association where none exists. Another limitation is the use of pain scores that simply represent general intensity of pain by patient report on an 11-point scale in the inpatient and outpatient setting without granular information with respect to activity, site, nature, character, and other attributes of pain. Finally, we cannot make causal inferences, and generalizability to non-VA settings may be limited.
IMPLICATIONS AND CONCLUSIONS
We conclude that in a population exposed to preoperative opioid use acute postoperative pain was associated with chronic opioid use after TKA, independent of discharge prescriptions. Scores reported by patients in the first few days after surgery can thus have prognostic value. Whether interventions to reduce acute pain will be effective in reducing chronic postoperative opioid overuse is unclear because confounding cannot be completely ruled out in any observational study. However, our finding provides reasonable support for aggressive efforts to reduce acute postoperative pain. Future prospective studies should look at comprehensive strategies to address both operative and nonoperative pain in ways that may mitigate the long-term use of opioids.
